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Abstract 


In  1984  the  Montana  Department  of  Agriculture  initiated  a  monitoring  program  to 
determine  the  occurrence  and  extent  of  pesticide  residues  in  groundwater  in  Montana. 
Several  crop  production  regions  throughout  the  state  were  monitored  for  the  presence  of 
pesticide  residues  in  well  water.  Over  a  five  year  period,  105  separate  wells  were  tested 
for  the  presence  of  various  pesticides,  of  these  wells  23  were  observed  to  contain  residues 
of  7  different  pesticides.  Though  only  one  of  the  pesticide  residues  within  the 
contaminated  wells  was  in  excess  of  the  lifetime  drinking  water  health  advisory  levels  set 
by  the  EPA,  this  study  demonstrates  the  need  for  continued  monitoring  of  Montana's 
groundwater  resources  for  the  presence  of  pesticides. 
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Introduction 

Groundwater  contamination  by  agricultural  chemicals  is  an  issue  of  increasing 
concern.  Because  groundwater  is  an  important  source  of  domestic  and  agricultural  water 
in  Montana  it  is  important  that  the  state  protect  this  valuable  resource.  However,  prior  to 
1984  there  had  been  very  little  work  performed  to  determine  the  occurrence  and  extent  of 
pesticide  contamination  of  groundwater  (DHES  1986). 

Pesticide  residues  in  drinking  water  are  of  special  concern  because  of  the  high  toxicity 
of  many  pesticides  to  mammals.  Groundwater  contamination  by  74  different  pesticides 
has  been  identified  in  38  states  in  the  nation  (EPA  1988).  Once  groundwater  becomes 
contaminated  by  pesticides  it  is  very  difficult  to  clean  up  as  breakdown  of  organic 
compounds  occurs  slowly  in  groundwater  due  to  lack  of  heat,  air,  and  light.  Thus,  it  is  far 
easier  to  avoid  the  problem  than  correct  it. 

The  presence  of  pesticide  residues  in  groundwater  may  result  from  either  point 
source  or  non-point  source.  Non-point  source  refers  to  contamination  from  non-defined 
or  diffuse  area,  whereas  point  source  contamination  originates  from  a  very  specific 
localized  area.  Most  pesticide  contamination  of  groundwater  is  thought  to  be  non-point 
source  (EPA  1988).  Determination  of  the  vulnerability  of  aquifers  to  non-point  source 
pesticide  contamination  requires  an  understanding  of  the  aquifer  characteristics,  geology, 
soil  type,  pesticide  use  pattern,  and  climatic  conditions  at  each  individual  site. 
Unfortunately,  very  little  is  known  about  groundwater  formations  in  Montana,  especially 
shallow  unconsolidated  aquifers. 

The  likelihood  of  groundwater  contamination  by  individual  pesticides  is  primarily  a 
function  of  the  ease  with  which  a  pesticide  may  move  through  soil.  The  leaching  potential 
of  a  pesticide  is  determined  by  it's  solubility  and  extent  to  which  the  pesticide  is  bound  to 
clay  and  organic  matter.  Pesticide  molecules  that  do  not  interact  with  soil  particles 
generally  dissolve  in  soil  water  and  are  thus  readily  moved  out  of  the  soil  profile  under 
conditions  of  saturated  flow  or  along  the  wetting  front.  Persistence  of  pesticides  in  the 
environment  also  has  a  great  effect  on  whether  they  will  reach  the  water  table.  If  a 
pesticide  degrades  very  slowly  it  may  leach  into  the  groundwater  regardless  of  it's  capacity 
to  be  adsorbed  to  soil  particles. 

Sandy  soils  low  in  organic  matter  have  the  highest  potential  for  leaching  of  pesticides. 
Organic  matter  more  so  than  clay  is  responsible  for  the  binding  of  pesticides  in  the  soil 
(Weed  and  Weber  1973).  Most  cultivated  soils  in  Montana  are  less  than  3%  organic 
matter  and  coarse  textured  soils  may  be  found  in  many  locations  throughout  the  state 
(Jacobsen  1989). 

Cropping  practice  has  a  great  effect  on  the  presence  of  pesticide  residues  in  ground- 
water. Particular  crops  are  treated  with  a  larger  number  and  volume  of  pesticides  than 
other  crops.  For  example,  wheat  requires  very  little  fungicide  treatment  as  compared  to 
potatoes.  Irrigation  of  crops  may  influence  the  movement  pesticides  downward  in  the  soil. 
Excessive  irrigation  or  poor  irrigation  timing  may  result  in  pesticides  movement  into  the 
groundwater.  Crop-fallow  practices  generally  allow  for  the  gradual  migration  of  salts 
downward  in  the  soil  profile.  Such  migration  is  frequently  the  cause  of  saline  seeps  found 
throughout  the  state.  Pesticides  which  are  persistent  in  the  soil  may  also  migrate  slowly 
downward.  Depending  on  precipitation  and  depth  to  water  table  pesticide  residues  may 
not  be  observed  for  many  years  following  application. 

In  1984,  the  Montana  Department  of  Agriculture  (MDA)  received  a  grant  from  the 
EPA  to  study  the  occurrence  of  agricultural  pesticides  in  groundwater.  This  monitoring 


program  was  designed  to  gather  baseline  information  on  the  occurrence  and  extent  of 
such  contamination  throughout  the  state.  The  MDA  chose  to  investigate  those  areas  that 
had  a  history  of  pesticide  use. 

Selection  of  monitoring  sites  was  primarily  based  on  cropping  systems  and  pesticide 
use  within  a  particular  region  of  the  state.  Depth  to  water  table  and  soil  type  were  also 
considered  in  site  selection.  One  or  more  wells  were  sampled  for  each  site.  The  MDA 
analyzed  water  samples  for  pesticides  known  to  be  used  in  a  specific  location  and 
performed  broad  analytical  scans  to  allow  identification  of  a  number  of  pesticides  within  a 
particular  chemical  family. 

The  objective  of  this  survey  was  to  analyze  water  samples  from  domestic,  livestock, 
and  irrigation  wells  in  several  distinct  agricultural  production  regions  in  Montana  and 
determine  whether  Montana  has  a  groundwater  contamination  problem  worthy  of  further 
study  or  immediate  action.  Over  a  5  year  period,  the  monitoring  program  was  expanded 
and  adjusted  to  broaden  the  scope  and  database  of  this  investigative  monitoring  study. 

The  following  document  discusses  the  groundwater  monitoring  program  that  was 
performed  from  1984  through  1988.  The  results  of  this  study  were  submitted  to  the  EPA 
to  be  included  in  their  compilation  of  pesticide  contamination  of  groundwater  throughout 
the  United  States  (EPA  1988). 


Materials  and  Methods 


Site  Selection 


The  selection  of  sites  to  be  included  in  the  monitoring  study  was  primarily  based 
on  crop  production  and  pesticides  generally  applied  to  those  crops.  Site  selection  was 
divided  into  5  major  groups: 

1.  Seed  potato  production  in  Flathead,  Lake,  and  Gallatin  Counties 

2.  Sugarbeet  production  along  the  Yellowstone  River. 

3.  Hay  production  in  Southwestern  Montana. 

4.  Irrigated  small  grain  production  in  the  Triangle  area. 

5.  Chlorsulfuron  use  region  in  Northeastern  Montana. 

Each  of  these  groups  will  be  discussed  separately.  The  number  of  times  a  site  was 
sampled  during  any  one  year  or  over  the  five  year  span  was  dependent  on  previous 
findings  or  changes  in  pesticide  use  patterns.  Specific  well  location  will  be  presented  in 
the  results. 


Seed  Potato  Production 

Seed  potato  production  requires  the  use  of  a  large  volume  and  range  of  pesticides. 
Aldicarb,  a  pesticide  important  for  potato  production,  is  relatively  persistent  and  has  the 
capacity  to  leach  readily  in  the  soil.  Once  in  groundwater  this  compound  breaks  down 
very  slowly.  Aldicarb  has  been  detected  in  groundwater  in  several  states  (EPA  1988, 
Parsons  and  Witt  1988,  WDA  1982).  For  this  reason  water  from  wells  in  Lake  and 
Flathead  County  was  analyzed  for  aldicarb  in  1984  and  3  wells  in  Gallatin  County  were 
tested  for  carbamates  in  1986.  Well  depths  range  from  45  to  450  feet  in  depth.  Soils  in 
Flathead  and  Lake  Counties  were  relative  sandy  whereas  soils  in  the 
sampling  area  in  Gallatin  County  were  silt  loams  and  loams  of  moderate  permeability. 


Sugarbeet  Production 

The  sugarbeet  region  was  added  to  the  survey  in  1986.  The  insecticide,  aldicarb  was 
again  one  of  the  major  targets  of  the  monitoring;  however,  chlorinated  hydrocarbon  scans 
and  phenoxy  and  triazine  herbicide  analyses  were  performed  in  addition  to  carbamate 
analysis.  Sugarbeets  are  cultivated  almost  exclusively  in  the  Yellowstone  River  Valley, 
thus  sites  were  selected  in  Richland,  Yellowstone,  and  Carbon  Counties.  Soils  in  the 
sampling  areas  of  these  three  counties  ranged  from  excessively  well  drained  alluvial  soils 
to  slowly  permeable  clay  loam  soils. 

Well  depths  varied  from  14  to  115  feet  in  the  3  counties  and  were  primarily  used  for 
domestic  purposes.  Sampling  in  Yellowstone  and  Carbon  Counties  was  performed 
primarily  during  1986  with  only  a  few  samples  taken  in  1987  and  1988.  All  of  the  sampling 
in  Richland  County  was  completed  in  1987  and  1988. 


Irrigated  Hay  Production 

Much  of  the  alfalfa  and  hay  crop  in  southwestern  Montana  is  irrigated.  A  regular 
irrigation  schedule  combined  with  the  use  of  pesticides  which  have  the  potential  to  leach 
rapidly  in  the  soil  may  have  the  potential  for  groundwater  contamination.  Phenoxy 
herbicides  are  used  to  a  great  extent  in  this  hay  production  region  of  the  state  to  control 
noxious  weeds.  Well  water  from  this  region  was  almost  exclusively  analyzed  for  phenoxy 
herbicides.  Monitoring  of  this  region  was  only  performed  during  the  summer  and  early 
fall  of  1984.  Well  depths  ranged  from  20  to  100  feet. 


Irrigated  Small  Grain  Production 

Approximately  5  million  acres  of  wheat  are  planted  in  Montana  annually.  Teton 
County  is  within  one  of  the  largest  blocks  of  small  grain  production  in  the  state.  The 
Greenfield  bench  in  Teton  County  is  a  location  of  shallow  water  table  and  coarse  textured 
soils.  Irrigation  increases  the  potential  for  movement  of  pesticides  into  the  groundwater. 

Herbicides  are  the  primary  pesticide  used  in  samll  grain  production.  Several  herb- 
icides which  are  frequently  used  in  small  grain  production,  MCPA,  2,4-D,  picloram  and 
dicamba  also  have  the  potential  to  leach  readily  in  sandy  soils  (Beste  1983).     Thus,  the 
majority  of  analyses  performed  were  for  phenoxy  herbicides.  Though  the  last 
organochlorine  insecticide  was  cancelled  for  use  in  wheat  in  Montana  in  1984,  they  have 
the  potential  to  persist  in  the  environment  for  several  years.  Thus,  chlorinated 
hydrocarbon  scans  were  run  on  water  samples  from  a  number  of  wells.  Some  carbamate 
analyses  were  also  performed. 

A  total  of  79  sample  were  taken  from  12  separate  wells  from  1984  to  1988.  All  wells 
were  for  domestic  use  and  varied  in  depth  from  14  to  120  feet.  The  majority  of  wells  were 
extremely  shallow;  8  of  the  12  wells  had  a  depth  of  20  feet  or  less. 


Chlorsulfuron  Use  Region 

Chlorsulfuron,  the  active  ingredient  in  the  herbicide  Glean,  is  widely  used  in  wheat 
production.  Chlorsulfuron  may  persist  in  the  soil  for  3  to  4  years,  thus  in  1988  a  study  was 
added  to  the  survey  to  determine  if  under  certain  farm  use  and  environmental  conditions 
this  herbicide  may  leach  to  the  water  table.  Sites  were  selected  on  the  basis  of  Glean  use 
history  within  the  vicinity  of  the  wells.  Sites  were  located  in  Daniels,  Sheridan,  and  Valley 
Counties.  The  dominent  soils  in  the  sampling  areas  were  moderately  to  moderately  slow 
permeable  silt  loam  soils.  Water  samples  were  analyzed  for  chlorsulfuron,  carbamates, 
and  phenoxys. 

Wells  were  sampled  only  once  with  the  exception  of  one  site  in  Sheridan  County 
and  were  sampled  only  during  the  1988  season.  Wells  varied  in  depth  from  9  to  200  feet. 


Miscellaneous  Monitoring  Sites 

The  following  sites  were  selected  for  monitoring  based  on  prior  identification  of 
contamination  or  because  it  was  an  individual  area  of  high  vulnerability. 


One  well  in  Hill  County  was  sampled  in  1988  for  the  presence  of  triazines,  cycloate, 
and  terbufos.  This  particular  54  foot  deep  livestock  well  is  located  at  the  Northern 
Agricultural  Research  Center  near  Havre.  Agricultural  Research  Stations  are  generally 
areas  of  diverse  and  intense  pesticide  use.  The  amount  of  pesticide  application,  mixing, 
and  loading  is  frequently  high  per  unit  area. 

Following  a  report  of  possible  well  contamination  in  Jefferson  County,  the  MDA 
sampled  several  wells  for  the  presence  of  phenoxy  herbicides.   The  wells  were  down  slope 
from  the  county  weed  district  shop  where  mixing,  loading,  and  washing  of  equipment  took 
place.  The  limited  source  area  of  the  herbicide  is  an  example  of  point  source  groundwater 
contamination  by  pesticides.  Well  water  from  this  site  is  still  being  collected  and 
analyzed.  The  soil  at  this  location  was  excessively  well  drained,  weathered  granitic 
material. 

Sampling  and  Analysis 

Well  water  samples  were  taken  from  outside  taps  near  houses  or  other  buildings. 
Investigators  would  let  the  water  run  for  at  least  one  minute  before  filling  one  or  two 
1-gallon  glass  jugs  that  had  been  pre-rinsed  with  acetone.  The  jugs  were  capped  with 
teflon  lined  caps,  sealed  in  inverted  polyethylene  bags,  and  placed  in  an  ice  filled  cooler. 
One  gravel  pit  sample  was  taken  using  a  dipper  and  glass  funnel  that  had  been  rinsed  with 
acetone  (potato  study  well  number  9). 

The  pH  of  the  water  at  each  site  was  measured  before  sample  collection  by  placing 
pH  sensitive  tape  under  running  water.  The  refrigerated  samples  were  delivered  to  the 
MDA's  analytical  lab  in  Bozeman  within  30  hours  of  collection.  Here  the  samples  were 
stabilized,  stored,  and  then  analyzed. 

Since  1984  the  analytical  methods  for  pesticides  in  groundwater  have  steadily  evolved 
for  the  MDA's  laboratory  with  direct  input  from  the  EPA.  For  all  analytical  methods  we 
have  utilized  EPA/NEIC  recommended  methods  or  EPA/Environmental  Monitoring  and 
Support  Laboratory  Methods.  We  now  use  the  methods  developed  for  the  EPA's 
National  Pesticide  Survey: 

Method  1:  Determination  of  Nitrogen-  and  Phosphorus-  Containing  Pesticides  in 
Groundwater  by  Gas  Chromatography  with  a  N-P  detector. 

Method  2:  Determination  of  Chlorinated  Pesticides  in  Groundwater  by  Gas 
Chromatography  with  an  Electron  Capture  Detector. 

Method  3:  Determination  of  Chlorinated  Acids  in  Groundwater  by  Gas  Chromato- 
graphy with  an  Electron  Capture  Detector. 

Method  4:  Determination  of  Pesticides  in  Groundwater  by  High  Performance  Liquid 
Chromatography  with  an  Ultraviolet  Detector. 

Method  5:  Measurement  of  N-Methylcarbamoyloximides  and  N-Methylcarbamates  in 
Groundwater  by  Direct  Aqueous  Injection  with  Post  Column  Derivitazation 

Before  Method  5  was  published  by  the  EPA  we  adapted  FDA's  PAM  method  242.2  for 
water  analyses.  For  this  reason  our  detection  limit  for  the  analyses  for  carbamates  in 
1984,  1985,  and  1986  was  lower  than  what  was  published  in  EPA's  method  5.  Otherwise 
the  analyses  have  met  method  detection  limits  and  other  statistical  requirements  as 
published  in  the  reference  methods. 


Confirmation  analysis  was  performed  when  a  pesticide  residue  was  detected.  The 
laboratory  also  requested  a  new  sample  from  the  field  in  order  to  eliminate  any  possible 
field  or  laboratory  cross-contamination  and  to  perform  additional  conformation  analyses. 
In  a  few  cases  duplicate  analyses  were  requested  from  a  commercial  laboratory  to 
determine  if  the  results  were  comparable. 

Results 

The  following  describes  the  results  of  the  sampling  effort  from  1984  through  1988. 
The  results  are  given  by  production  region.   Dates  of  sampling  are  not  given  in  the  Tables, 
but  in  several  cases,  follow-up  sampling  was  performed. 


Potato  Production 


Sampling  from  the  potato  producing  counties  of  Montana  demonstrated  no  positive 
detections  of  pesticides  (Table  1).  Sampling  in  Flathead  and  Lake  counties  was 
discontinued  after  1984  as  no  aldicarb  or  chlorinated  hydrocarbons  were  detected. 
Gallatin  County  samples  were  taken  in  1986  and  analyzed  for  carbamates.  It  should  be 
noted  that  herbicide  analysis  was  not  performed  at  any  of  the  sites.  Samples  were  taken 
from  areas  considered  to  relatively  vulnerable  aquifers;  however,  all  of  the  wells  were  at 
least  45  feet  deep  and  the  average  depth  was  183  feet. 

Table  1.  Occurrence  of  pesticide  contamination  of  domestic  (D),  irrigation  (I),  livestock 
(L),  public  (P),  or  other  (O)  wells  in  Potato  growing  regions  of  Montana;  Flathead, 
Gallatin,  and  Lake  Counties. 


Well 

Location                                        Well 

Number 

Detections 

# 

Type/Depth 
(feet) 

of 

Samples 

#/compound 
(ppb) 

01 
02 
03 

Flathead  County 
T29N,R27W,Sec  27                   D/180 
T29N,R21W,Sec  21                    1/48 
T29N,R21W,Sec  29                   D/360 

2 
2 
2 

0 
0 
0 

04 
05 
06 

Gallatin  County 
T2S,R4E,Sec  26                         D/45 
T2S,R4E,Sec  26                          D/NR* 
T2S,R4E,Sec  9                            D/NR 

1 

1 

1 

0 
0 
0 

07 
08 
09 
10 

Lake  County 
T22N,R19W,Sec30                    D/425 
T22N,R20W,Sec  36                   D/56 
T22N,R21W,Sec  14                   0/56 
T22N,R21W,Sec25                    D/292 

1 
2 
2 
2 

0 
0 
O 
0 

*  NR:  Not  Reported 


Sugarbeet  Production 

Sampling  was  initiated  in  sugarbeet  producing  counties  in  1986  and  continued  through 
1988.  The  results  are  summarized  in  Table  2.  There  were  several  positive  detections  of 
aldicarb  sulfoxide  and  aldicarb  sulfone  in  well  water  from  Yellowstone  and  Carbon 
Counties.  These  wells  were  re-sampled  the  following  two  years,  but  no  residues  were 
detected.  The  initial  concentrations  ranged  from  0.15  ppb  aldicarb  sulfone  in  Yellowstone 
County  to  a  maximum  of  1.5  ppb  aldicarb  sulfoxide  in  Carbon  County.  None  of  these 
residues  approach  the  drinking  water  health  advisories  established  by  the  EPA.  Though 
aldicarb  was  also  being  used  in  Richland  County  where  the  wells  were  quite  shallow  (as 
shallow  as  14  feet),  no  aldicarb  was  detected. 


Table  2.  Occurrence  of  pesticide  contamination  of  domestic  (D),  irrigation  (I),  livestock 
(L),  public  (P),  or  other  (O)  wells  in  sugar  beet  producing  regions  of  Montana;  Carbon, 
Richland,  and  Yellowstone  counties. 


Well 

Location 

Well 

Number 

Detections 

Number 

Type/Depth 

of 

#/compound 

(feet) 

Samples 

(PPb) 

Carbon 

County 

01 

T4S,R23E,Sec  11 

L/41 

2 

0 

02 

T4S,R23E,Sec  23 

D/35 

5 

2/ Aldicarb 
Sulfoxide--0.88, 1.1 
Sulfone-1.1, 1.4 

03 

T4S,R23E,Sec  29 

D/26 

2 

0 

04 

T4S,R23E,Sec  9 

D/25 

2 

0 

05 

T4S,R23E,Sec  27 

D/35 

1 

0 

06 

T4S,R23E,Sec  3 

D/32 

1 

0 

07 

T4S,R23E,Sec  23 

D/35 

3 

2/ Aldicarb 
Sulfoxide«0.97, 1.3 
Sulfone— 1.4, 1.3 

08 

T4S,R23E,Sec  26 

D/35 

3 

1/Aldicarb 

Sulfoxide~1.5 

Sulfone--1.4 

09 

T4S,R23E,Sec  26 

D/33 

0 

10 

T4S,R23E,Sec  27 

D/NR* 

0 

11 

T4S,R23E,Sec  23 

D/35 

0 

12 

T4S,R23E,Sec  23 

D/35 

0 

13 

T4S,R23E,Sec  23 

D/44 

0 

14 

T4S,R23E,Sec  26 

P/42 

1/Aldicarb 

Sulfoxide--0.53 

Sulfone--0.46 

15 

T4S,R23E,Sec  26 

D/40 

2 

0 

16 

T4S,R23E,Sec  26 

1/35 

1 

0 

Yellowstone  County 

17 

TlS,R25E,Sec  26 

D/38 

2 

0 

Table  2.  Continued. 


Well 

Location 

Well 

Number 

Detections 

Number 

Type/Depth 

of 

#/compound 

(feet) 

Samples 

(ppb) 

18 

TlS,R25E,Sec  19 

D/40 

2 

0 

19 

TlS,R25E,Sec  2 

L/NR 

4 

l/2,4-D«1.7 

20 

TlN,R25E,Sec  33 

I/NR 

1 

0 

21 

TlN,R25E,Sec  33 

D/80 

1 

0 

22 

TlS,R25E,Sec  2 

1/39 

2 

0 

23 

TlN,R27E,Sec  6 

D/50 

4 

2/Aldicarb 
Sulfoxide-0.28,0.35 
Sulfone«0. 15,0.22 

24 

TlN,R27E,Sec  5 

L/20 

2 

0 

25 

T3N,R28E,Sec  26 

D/20 

2 

0 

26 

T3N,R29E,Sec  32 

D/20 

2 

0 

27 

TlN,R27E,Sec  6 

D/50 

0 

28 

TlN,R27E,Sec  6 

D/67 

0 

29 

TlN,R27E,Sec  6 

D/28 

0 

30 

TlN,R27E,Sec  6 

D/25 

0 

31 

TlN,R26E,Sec  1 

D/40 

0 

32 

T2S,R24E,Sec  13 

D/35 

0 

33 

T2S,R25E,Sec  5 

D/20 

0 

34 

T2S,R25E,Sec  4 

1/18 

0 

35 

TlN,R27E,Sec  6 

Richland 

D/25 

County 

0 

36 

T23N,R60E,Sec  8 

D/15 

0 

37 

T23N,R59E,Sec  14 

D/14 

0 

38 

T23N,R59E,Sec  15 

0/18 

0 

39 

T22N,R59E,Sec  12 

D/80 

0 

40 

T23N,R59E,Sec  34 

D/18 

0 

41 

T25N,R59E,Sec  30 

1/115 

0 

42 

T23N,R59E,Sec  21 

D/36 

0 

43 

T23N,R59E,Sec  28 

D/18 

2 

0 

44 

T22N,R59E,Sec  5 

D/23 

1 

0 

45 

T23N,R59E,Sec  27 

D/18 

2 

2/Atrazine--0.10 
Picloram~0.46 

46 

T23N,R59E,Sec  28 

D/18 

2 

1/Simazine~0.10 

47 

T22N,R59E,Sec5 

D/27 

2 

0 

*  NR:  Not  Reported 


Once  aldicarb  metabolites  are  present  in  the  groundwater  further  breakdown  occurs 
very  slowly.  The  half  life  of  aldicarb  in  water  at  pH  7.5  and  15  C  is  five  years  (Jackson  et 
al.  1987).   Herbicide  residues  were  also  detected  in  water  samples  from  this  region  (wells 
19, 45,  and  46).  Very  low  concentrations  of  picloram,  atrazine,  and  simazine  were 
detected  in  samples  from  Richland  County.  Atrazine  is  a  herbicide  that  is  frequently  used 
in  corn  production.  Corn  is  grown  quite  extensively  in  this  region.  Residues  of  1.7  ppb  of 


2,4-D  were  detected  in  well  water  from  Yellowstone  county.  Atrazine  and  simazine  are 
relatively  persistent  and  intermediately  mobile  in  the  soil,  picloram  is  highly  mobile  and 
highly  persistent,  and  2,4-D  is  not  persistent  but  is  quite  mobile  in  the  soil.  Each  of  these 
pesticides  is  listed  on  the  EPA's  priority  list. 


Irrigated  Hay  Production 

Sampling  of  well  water  in  Madison  and  Beaverhead  counties  was  conducted  in  1984. 
Wells  as  shallow  as  20  feet  were  sampled  in  this  region;  however,  no  positive  detections  of 
pesticides  were  made  in  either  county  (Table  3).  All  samples  were  analyzed  for  phenoxy 
herbicides  and  chlorinated  hydrocarbons.  No  follow  up  sampling  was  performed. 


Table  3.  Occurrence  of  pesticide  contamination  of  domestic  (D),  irrigation  (I),  livestock 
(L),  public  (P),  or  other  (O)  wells  in  a  hay  producing  region  of  Montana;  Beaverhead  and 
Madison  Counties. 


Well    Location 
Number 

Well 

Type/Depth 

(feet) 

Number 
of 

Samples 

Detections 

#/compound 

(PPb) 

Beaverhead 

01  T8S,R8W,Sec  19 

02  T7S,R8W,Sec  17 

03  T6S,R7W,Sec  20 

04  T6S,R8W,Sec  12 

05  T6S,R8W,Sec  23 

06  T7S,R8W,Sec  2 

County 
1/100 
D/NR* 

D/75 
D/20 
D/167 
D/NR 

3 
2 
2 
2 
2 
2 

0 
0 
0 
0 
0 
0 

Madison  County 
07        T6S,R7W,Sec  14                        D/100 

2 

0 

*  NR:  Not  Reported 


Irrigated  Small  Grain  Production 

Sampling  was  conducted  from  1984  through  1988.  Water  samples  taken  in  this 
region  were  analyzed  for  phenoxy  herbicides,  carbamates,  and  chlorinated  hydrocarbons. 
Herbicide  residues  were  detected  in  water  from  this  region  in  each  year  of  the  survey 
(Table  4).  The  herbicides  2,4-D,  dicamba,  and  picloram  were  found  in  moderate 
concentrations. 

Each  of  the  wells  received  follow  up  sampling  once  positive  detections  were  made. 
Fairly  high  concentrations  of  MCPA  and  dicamba  were  detected  at  site  1  in  1985; 
however,  samples  from  the  same  well  the  next  three  years  contained  no  pesticide  residues. 
Residues  of  MCPA  and  picloram  were  detected  at  site  2  in  June  of  1984.  By  August  of 
1984  the  picloram  concentrations  had  increased  slightly  and  MCPA  was  no  longer 
detectable.  Over  the  next  four  years  no  residues  were  detected.  Low  concentrations  of 
MCPA,  2,4-D,  and  dicamba  were  detected  in  well  number  3  in  June  of  1984,  by  August  of 


1984  only  2,4-D  was  detected.  Samples  from  the  same  well  in  1985  reveal  residues  of 
dicamba.  Concentrations  of  0.063  ppb  of  picloram  were  initially  found  at  well  number 
5  in  1984.  Samples  taken  from  this  well  in  1985  and  1986  were  stable  at  1.1  ppb,  but  then 
increased  to  16.0  ppb  in  1987,  and  finally  returned  to  1.0  ppb  when  sampled  in  1988. 

The  highest  concentration  of  picloram,  16  ppb,  is  well  below  the  lifetime  health 
advisory  standard  of  490  ppb.  The  residues  of  MCPA  found  in  well  number  1  in  1985 
exceeded  health  advisory  standards  by  1.2  ppb.  However,  there  was  no  detectable 
concentrations  of  MCPA  in  the  well  water  the  following  year.  Many  of  the  wells  sampled 
were  very  shallow  and  soils  were  coarse  textured  with  intermittent  clay  lenses. 


Table  4.  Occurrence  of  pesticide  contamination  of  domestic  (D),  irrigation  (I),  livestock 
(L),  public  (P),  or  other  (O)  wells  in  a  irrigated  small  grain  producing  region  of  Montana; 
Teton  County. 


Well 

Location 

Well 

Number 

Detections 

Number 

Type/Depth 

of 

#/compound 

(feet) 

Samples 

(ppb) 

01 

T22N,R2W,Sec  33 

D/20 

10 

3/2,4-D--0.11 
Dicamba~3.0 
MCPA--5.5 

02 

T22N,R2W,Sec26 

D/20 

11 

4/2,4-D-0.27 
Picloram~0. 11,0.061 

03 

T22N,R2W,Sec  22 

D/20 

12 

6/2,4-D-0.39,0.12 
Dicamba--0.74,0.051, 

0.057 
MCPA-2.4 

04 

T22N,R2W,Sec  23 

D/14 

7 

0 

05 

T22N,RlW,Sec  19 

D/18 

9 

9/Dicamba--0.076, 
0.068 

Picloram--0.063, 
0.33,  1.1, 
1.1, 16.0, 
1.0,  1.0 

06 

T22N,RlW,Sec  16 

D/120 

5 

0 

07 

T22N,RlW,Sec  14 

D/32 

10 

l/Dicamba-0.56 

08 

T22N,RlW,Sec  11 

D/18 

4 

1/  2.4-D--0.25 

09 

T22N,R2W,Sec  9 

D/20 

1 

0 

10 

T22N,R2W,Sec  11 

D/14 

4 

l/Dicamba--0.5 

11 

T22N,RlW,Sec5 

D/35 

1 

0 

12 

T22N,RlW,Sec29 

D/18 

1 

0 

Chlorsnlfiiron  Use  Region 

Though  this  study  was  initiated  to  determine  whether  chlorsulfuron  residues  in 
the  soil  were  being  leached  to  the  water  table,  samples  were  also  analyzed  for  the 
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presence  of  carbamate  insecticides  and  phenoxy  herbicides.  All  three  of  these  groups  are 
used  with  some  frequency  in  wheat  producing  areas.  Samples  were  taken  in  only  in  1988. 
No  chlorsulfuron  was  detected  in  any  of  the  samples  taken  (Table  5).  Residues  of 
0.26  ppb  of  dicamba  were  detected  in  well  number  7  in  Sheridan  County.  However, 
re-sampling  2  months  later  showed  no  presence  of  phenoxy  residues. 


Table  5.  Occurrence  of  pesticide  contamination  of  domestic  (D),  irrigation  (I),  livestock 
(L),  public  (P),  or  other  (O)  wells  in  chlorsulfuron  use  regions  of  Montana;  Daniels, 
Sheridan,  and  Valley  Counties. 


Well    Location 
Number 


Well 

Type/Depth 

(feet) 


Number 

of 
Samples 


Detections 

#/compound 

(ppb) 


Daniels  County 

01  T35N,R49E,Sec  30  D/42 

02  T36N,R48E,Sec  13  D/9 

03  T35N,R50E,Sec  29  D/135 

04  T35N,R50E,Sec  22  D/35 

05  T34N,R51E,Sec  17  D/72 

Sheridan  County 

06  T33N,R56E,Sec  23  D/28 

07  T33N,R56E,Sec  23  D/28 

Valley  County 

08  T34N,R41E,Sec  25  D/70 

09  T34N,R42E,Sec  35  D/82 

10  T35N,R42E,Sec  28  D/200 

11  T34N,R43E,Sec  6  D/50 


1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

2 

l/Dicamba--0.26 

1 

0 

1 

0 

1 

0 

1 

0 

Miscellaneous  Monitoring  Sites 

Sampling  of  well  water  in  Hill  county  at  the  Northern  Agricultural  Research 
Station  revealed  no  pesticide  residues  (Table  6).  The  monitoring  in  Jefferson  County  was 
performed  because  of  complaints  that  well  water  was  destroying  garden  crops.  This 
turned  out  to  be  a  point  source  contamination  of  groundwater.  Of  the  16  wells  sampled 
near  the  Jefferson  County  Weed  District  shop,  6  were  found  to  be  contaminated  with 
picloram.  The  data  presented  in  Table  6  gives  the  sampling  results  in  order  of  the  date  the 
sample  was  taken. 

All  sampling  in  Jefferson  County  was  conducted  in  1988.  The  analysis  presented 
represents  sampling  and  re-sampling  over  a  3  month  period.  Concentrations  of  picloram 
initially  increased  from  the  first  to  the  second  month  aMhe  sites  near  to  the  shop.  By  the 
third  month  the  concentrations  declined.  The  source  of  the  contaminant  had  been 
discontinued  prior  to  sampling  and  the  contaminated  soil  above  the  water  table  was 
removed  following  the  confirmation  of  contamination. 
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Table  6.  Occurrence  of  pesticide  contamination  of  domestic  (D),  irrigation  (I),  livestock 
(L),  public  (P),  or  other  (O)  wells  at  the  Northern  Agricultural  Research  Station  in  Hill 
County  and  at  a  point  source  contamination  site  in  Jefferson  County. 


Well 

Location 

Well 

Number 

Detections 

Number 

Type/Depth 

of 

#/compound 

(feet) 

Samples 

(PPb) 

Hill  County 

01 

T32N,R15E,Sec  27 

L/56 

1 

0 

Jefferson  County 

02 

T8N,R3W,Sec  9 

D/40 

3 

3/Picloram--26.0, 
31.0, 13.0 

03 

T8N,R3W,Sec  9 

D/50 

3 

3/Picloram--14.0, 
29.0, 20.0 

04 

T8N,R3W,Sec  9 

O/105 

2 

0 

05 

T8N,R3W,Sec  9 

D/NR* 

1 

0 

06 

T8N,R3W,Sec  9 

D/35 

2 

2/Picloram--28.0, 
13.0 

07 

T8N,R3W,Sec  9 

D/37 

1 

l/Picloram-8.9 

08 

T8N,R3W,Sec  9 

D/NR 

1 

0 

09 

T8N,R3W,Sec  9 

P/40 

3 

0 

10 

T8N,R3W,Sec  9 

P/NR 

1 

0 

11 

T8N,R3W,Sec  9 

P/NR 

1 

0 

12 

T8N,R3W,Sec  9 

D/NR 

2 

2/Picloram--21.0, 
11.0 

13 

T8N,R3W,Sec  9 

D/NR 

2 

0 

14 

T8N,R3E,Sec  9 

D/NR 

1 

0 

15 

T8N,R3E,Sec  9 

D/NR 

1 

0 

16 

T8N,R3E,Sec  9 

D/38 

1 

l/Picloram-1.3 

17 

T8N,R3E,Sec  9 

D/NR 

1 

0 

*NR:  Not  Reported 
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Discussion 

During  the  past  5  years  of  the  groundwater  survey,  23  wells  in  different  regions  of 
Montana  were  observed  to  be  contaminated  by  7  different  pesticides.  A  total  of  229  water 
samples  were  analyzed,  57  (25%)  of  which  were  positive  for  the  presence  of  pesticide 
residues  (Figure  1).  None  of  the  residues  detected  in  the  program  suggest  any  immediate 
drinking  water  health  risk.  Though  no  pesticide  residues  were  detected  in  Beaverhead, 
Daniels,  Flathead,  Gallatin,  Hill,  Lake,  and  Valley  Counties,  the  geographic  area  and  the 
types  of  pesticides  covered  by  this  survey  are  far  too  limited  for  this  result  to  be 
conclusive.  In  support  of  this  statement,  a  study  conducted  by  the  United  States 
Geological  Survey  (USGS)  in  1988  demonstrated  the  presence  of  trace  residues  of 
dicamba  and  atrazine  in  water  samples  from  an  observation  well  in  Hill  County  and 
residues  of  aldicarb  sulfoxide  in  samples  from  an  observation  well  in  Lake  County. 


Figure  1.  Sampling  location  and  number  of  positive  detections  of  pesticide  residues  for 
the  5  year  well  water  monitoring  program  in  Montana. 


MONTANA 


Nu»«rlc«l  valuei  Indictee: 

No.  positive  decectlona/Total  No.  aaaples 
TOTAL  FOR  MONTANA   S7/229 
Black  shaded  area*  Indicate  approximate  location  of  •anpllng 
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Pesticide  contamination  in  well  water  of  Carbon,  Jefferson,  Richland,  Sheridan, 
Teton,  and  Yellowstone  Counties  is  conclusive  in  that  it  documents  pesticide 
contamination  of  groundwater  in  Montana  and  suggests  the  need  to  continue  studying  the 
extent  of  contamination. 

Only  one  pesticide  residue  was  in  excess  of  the  lifetime  drinking  water  health  advisory 
standards  set  by  the  EPA  (Table  7).  In  the  irrigated  small  grain  region,  well  number  1  was 
contaminated  with  5.5  ppb  of  MCPA  in  June  of  1985.  However,  follow-up  sampling  in 
November  of  1986  had  no  MCPA  residues.   All  other  pesticide  residues  were  far  below 
the  health  advisory  standards.  The  EPA  method  detection  limits  for  those  pesticides 
detected  in  well  water  in  Montana  are  also  given  in  Table  7.  These  detection  limits 
indicate  the  sensitivity  of  the  methodology  for  the  individual  pesticides. 

Table  7.  Drinking  water  health  advisory  levels  and  EPA  method  detection  limits  for 
pesticide  residues  detected  in  Montana's  groundwater. 


Pesticide 

Health  Advisory* 

Detection  Limit 

(PPb) 

(PPb) 

Aldicarb 

10.0 

1.0 

Aldicarb  Sulfoxide 

10.0 

2.0** 

Aldicarb  Sulfone 

10.0 

2.0** 

Atrazine 

3.0 

0.1 

2,4-D 

70.0 

0.3** 

Dicamba 

9.0 

0.1** 

MCPA 

4.0 

0.2 

Picloram 

490.0 

0.2** 

Simazine 

35.0 

1.0 

*  Drinking  Water  Health  Advisories  set  by  the  EPA  based  on  the   lifetime  consumption 
of  2  liters  of  water  per  day  by  a  70  kg   adult. 

*  *  Detection  limit  capability  may  be  greater  than  that  indicated  in  EPA  method  detection 
limit  due  to  use  of  different  methodology  prior  to  establishment  of  EPA  methods  or  use  of 
laboratory  procedure  that  allows  for  higher  sensitivity  than  that  given. 


The  inconsistency  of  results  from  one  sampling  date  to  another  also  demonstrates  the 
need  for  further  study.  The  results  from  the  irrigated  small  grain  location  in  Teton  County 
are  an  excellent  example.  The  changes  in  picloram  concentrations  in  well  number  5  were 
greater  than  100%  in  less  than  a  one  year  period.  It  is  not  likely  that  the  rapid  reduction 
in  picloram  concentration  was  due  to  degradation,  but  rather  may  have  been  a  function  of 
dilution  or  continued  water  movement  in  the  shallow  aquifer.  This  particular  area  has 
very  shallow  wells  in  coarse  textured  unconsolidated  material.  Such  aquifers  may  allow 
for  extremely  rapid  water  movement  (Jackson  and  Webendorfer  1986). 

Most  of  the  wheat  fields  in  the  Greenfield  Bench  area  of  Teton  County  are  flood 
irrigated.  The  water  table  generally  rises  following  the  onset  of  spring  irrigation. 
Groundwater  re-charged  by  irrigation  during  the  growing  season  may  pick  up  soluble 
herbicides  present  in  the  vadose  zone.  The  water  table  is  quite  shallow  in  this  area  and 
could  easily  be  contaminated  by  herbicides  prior  to  degradation.  Wells  that  tested 
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positive  for  pesticide  residues  were  between  14  and  32  feet  deep.  The  inconsistent 
pesticide  concentrations  may  have  been  due  to  rapid  water  table  fluctuations  with  the 
changes  in  irrigation. 

Aldicarb  contamination  of  groundwater  was  observed  in  two  separate  counties. 
In  some  cases,  aldicarb  had  not  been  applied  to  fields  in  the  vicinity  of  the  wells  for  three 
years.  Whether  the  detected  residues  were  due  to  the  slow,  2-3  year,  breakdown  of 
aldicarb  in  groundwater  or  due  to  migration  of  aldicarb  from  other  sources  is  unknown. 
The  location  of  the  wells  is  such  that  the  occurrence  of  point  source  contamination  by 
aldicarb  spills  is  unlikely. 

Picloram  contamination  of  groundwater  in  Jefferson  County  is  a  good  example  of 
point  source  contamination.  The  soil  at  the  source  location  was  basically  weathered 
granitic  material  which  is  highly  permeable.  Removal  of  the  source  of  contamination  and 
the  contaminated  soil,  which  was  acting  as  a  reservoir  of  contaminant,  initially  appeared  to 
reduce  the  concentration  of  picloram  in  the  aquifer.  The  relatively  rapid  flow  rate  of  this 
aquifer  may  have  quickly  diluted  the  contaminant. 

Monitoring  at  this  site  was  initiated  following  reports  of  greenhouse  and  garden  plant 
damage  by  watering  with  well  water.  Picloram  residues  in  well  water  were  far  below 
health  advisory  levels  but  were  high  enough  to  damage  plants.  This  is  an  issue  that  must 
be  considered  with  regard  to  herbicide  residues  in  well  water. 

Within  the  limited  scope  of  this  monitoring  program,  soil  texture  appeared  to  have 
little  correlation  with  the  occurrence  of  groundwater  contamination.  Highly  permiable 
soils  at  the  Jefferson  and  Teton  County  sites  allowed  for  relatively  rapid  leaching  of 
pesticides  downward;  however,  groundwater  contamination  was  also  identified  in  areas 
dominated  by  deep  fine  textured  soils  of  slow  to  moderate  permeability.  The  occurrence 
of  pesticide  residues  in  groundwater  is  primarily  a  result  of  a  combination  of  soil  type, 
precipitation  (or  irrigation),  leaching  potential  of  the  pesticide,  and  depth  to  water  table. 
Future  monitoring  programs  will  take  a  closer  look  at  these  factors  when  identifying 
sampling  sites. 

This  groundwater  monitoring  study  allowed  Montana  to  identify  the  presence  of 
groundwater  contamination  by  pesticides  in  several  regions  of  the  state.  Both  point 
source  and  non-point  source  groundwater  contamination  by  pesticide  were  observed 
during  the  5  year  period.  Though  the  study  identified  no  immediate  drinking  water  health 
threat,  the  information  gathered  does  not  preclude  it's  occurrence.  This  study  indicates 
the  need  for  continued  collection  of  baseline  information  to  allow  for  identification  of 
vulnerable  aquifers  and  pesticides  of  particular  concern.  Once  sufficient  information  is 
collected  action  could  then  be  taken  to  preserve  groundwater  quality  in  Montana. 
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